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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB Compounds, compositions, and methods are provided for treatment of 

disorders related to mitochondrial dysfunction. The methods comprise 
administering to a mammal a composition containing pyrimidine nucleotide 
precursors in amounts sufficient to treat symptoms resulting from 
mitochondrial respiratory chain deficiencies. 

SUMM [0008] Commonly owned U.S. Pat. No. 5,583,117 discloses acylated 
derivatives of cytidine and uridine. Commonly owned 

application PCT/US 96/10067 discloses the use of acylated pyrimidine 
nucleosides to reduce the toxicity of chemotherapeutic and antiviral. 

DETD [0038] Dihydro-orotate dehydrogenase (DHODH) , is an enzyme involved in 
de novo synthesis of uridine nucleotides. DHODH activity is 
coupled to the respiratory chain via transfer of electrons from 
dihydro-orotate to ubiquinone; these electrons are. . . Complexes III 
and IV are directly involved in pyrimidine biosynthesis. Orotate 
produced by the action of DHODH is converted to uridine 
monophosphate by phosphoribosylation and decarboxylation. 

DETD . . . either distal to DHODH (e.g. orotate) or which do not require 
DHODH activity for conversion to pyrimidine nucleotides (e.g. cytidine, 
uridine, or acyl derivatives of cytidine or uridine) . 
Also included within the scope of the invention are pyrimidine 
nucleoside phosphates (e.g. nucleotides, cytidine diphosphocholine, 
uridine diphosphoglucose) ; these compounds are degraded to the 
level of uridine or cytidine prior to entry into cells and 
anabolism. Acyl derivatives of cytidine and uridine have 
better oral bioavailability than the parent nucleosides or nucleotides. 
Orotic acid and esters thereof are converted to uridine 
nucleotides and are also useful for accomplishing the goals of the 
invention. 

DETD [0042] Tissue pyrimidine nucleotide levels are increased by 
administration of any of several precursors. Uridine and 
cytidine are incorporated into cellular nucleotide pools by 
phosphorylation at the 5' position; cytidine and uridine 
nucleotides are interconvertible through enzymatic amination and 
de-amination reactions. Orotic acid is a key intermediate in de novo 
biosynthesis of. . . into nucleotide pools requires cellular 
phosphoribosyl pyrophosphate (PRPP) . Alternatively (or in addition to 
provision of exogenous nucleotide precursors), availability of 
uridine to tissues is increased by administration of compounds 
which inhibit uridine phosphorylase, the first enzyme in the 
pathway for degradation of uridine. The compounds of the 
invention useful in treating mitochondrial diseases and related 
disorders include uridine, cytidine, orotate, orally 

bioavailable acyl derivatives or esters of these pyrimidine nucleotide 
precursors, and inhibitors of the enzyme uridine 
phosphorylase . 



DETD [0043] In reference to acyl derivatives of cytidine and uridine 

, the following definitions pertain: 
DETD [0051] (1) An acyl derivative of uridine having the formula: 

##STR1## 

DETD [0056] (3) An acyl derivative of uridine having the formula: 
#JfSTR3## 

DETD [0068] (5) An acyl derivative of uridine having the formula: 
##STR5## 

DETD [0077] Advantageous compounds of the invention are short-chain (2 to 6 
carbon atoms) fatty acid esters of uridine or cytidine. 
Particularly advantageous compounds are triacetyluridine or 
triacetylcytidine . Such compounds have better oral bioavailabilty than 
the parent nucleosides, and. 

DETD [0079] Uridine tripyruvate ( 2 1 , 3 ■ , 5 ' -tri-O-pyruvyluridine) 

provides the benefits of both pyrimidines and pyruvate, delivering both 
with a single chemical entity, and avoiding the. 

DETD [0080] Inhibitors of uridine phosphorylase 

DETD [0081] An alternative or complementary strategy for treating 
mitochondrial diseases involves inhibition of uridine 
catabolism with an inhibitor of the enzyme uridine 
phosphorylase . 

DETD [0082] Examples of inhibitors of uridine phosphorylase that 

are useful for treatment of mitochondrial disease include but are not 
limited to 5-benzyl barbiturate or 5-benzylidene barbiturate. 

DETD . . . novel pharmaceutical compositions comprise as an active agent 
one or more pyrimidine nucleotide precursors selected from the group 
consisting of uridine, cytidine, orotic acid or its salts or 
esters, and acyl derivatives of these pyrimidine nucleotide precursors, 
together with a pharmaceutically . 

DETD ... of the invention, the composition comprises at least one 
pyrimidine nucleotide precursor and an agent which inhibits the 
degradation of uridine, such as an inhibitor of the enzyme 
uridine phosphorylase. Examples of inhibitors of uridine 
phosphorylase include but are not limited to 5-benzyl barbiturate or 
5-benzylidene barbiturate derivatives including 5-benzyl barbiturate, 
5-benzyloxybenzyl barbiturate, 5-benzyloxybenzyl- 1- [ ( l-hydroxy-2- 
ethoxy) methyl] . . . -acyclouridine, aminomethyl-benzylacyclouridine, 
aminomethylbenzyloxybenzylacyclouridine, hydroxymethyl- 
benzylacyclouridine, and hydroxymethyl-benzyloxybenzylacyclouridine . 
Furthermore, it is within the scope of the invention to utilize an 
inhibitor of uridine phosphorylase alone, without 

coadministration of a pyrimidine nucleotide precursor, for the purpose 
of treating mitochondrial diseases or pathophysiologies associated with. 

DETD ... as diminished ATP synthesis via oxidative phosphorylation. 

Human cells proliferate and retain viability under virtually anaerobic 
conditions if provided with uridine and pyruvate (or a 

similarly effective agent for oxidizing NADH to optimize glycolytic ATP 
production). Nuclear-mitochondrial interactions: Transcription of 
mitochondrial. 

DETD . . . shutdown of respiratory chain activity) can survive in culture 
if provided with two agents which compensate for critical mitochondrial 
functions: uridine and pyruvate. Uridine is required 
in vitro because a limiting enzyme for +E,uns de novosynthesis of 
uridine nucleotides, dihydro-orotate dehydrogenase (DHODH) , is 
coupled to the mitochondrial respiratory chain, via ubiquinone as a 
proximal electron acceptor, cytochrome c. . . Mol . Cell. Biochem. 
174:125-129, 1997). DHODH is required for synthesis of orotate, which is 
then phosphoribosylated and decarboxylated to produce uridine 
monophosphate (UMP) . All other pyrimidines in cells are derived from 
UMP. Cells from patients with mitochondrial disease due to defects in 
mitochondrial DNA require exogenous uridine in order to 



survive outside of the milieu of the body, wherein pyrimidines, derived 
from other cells or the diet, . 

DETD . . . requires intensive biosynthetic activity, particularly 

involving synthesis of neuronal membranes and myelin, both of which 
require pyrimidine nucleotides as cofactors. Uridine 
nucleotides are involved in activation and transfer of sugars to 
glycolipids and glycoproteins. Cytidine nucleotides are derived from 
uridine nucleotides, and are crucial for synthesis of major 
membrane phospholipid constituents like phosphatidylcholine, which 
receives its choline moiety from cytidine. . . circuits, resulting in 
delayed or arrested development of neuropsychological functions like 
language, motor, social, executive function, and cognitive skills. In 
autism for example, magnetic resonance spectroscopy measurements 
of cerebral phosphate compounds indicates that there is global 
undersynthesis of membranes and membrane precursors indicated by reduced 
levels of uridine diphospho-sugars , and cytidine nucleotide 
derivatives involved in membrane synthesis (Minshew et al., Biological 
Psychiatry 33:762-773, 1993). 

DETD . . . Syndrome, pervasive developmental delay (or PDD-NOS : "pervasive 
developmental delay - not otherwise specified" to distinguish it from 
specific subcategories like autism) , autism, 

Asperger ! s Syndrome, and Attention Def icit/Hyperactivity Disorder 
(ADHD) , which is becoming recognized as a delay or lag in development of 
neural. 

DETD . . . therapy of mitochondrial disease, compounds of the invention 

are typically administered one to three times per day. Acyl derivatives 
of uridine and cytidine are administered orally in doses of 
0.01 to 0.5 grams per kilogram of body weight per day, with. 

DETD [0169] In the case of patients unable to receive oral medications, 
compounds of the invention, especially uridine, cytidine, and 
orotate esters can be administered, as required, by prolonged 
intravenous infusion, delivering daily doses of 0.01 to 0.5. 

DETD [0180] Acyl derivatives of cytidine and uridine are 

synthesized typically by acylation methods involving reaction of acid 
chlorides or acid anhydrides with cytidine or uridine. 

DETD [0200] Example 6: Synthesis of Uridine Pyruvate A. The 

preparation of pyruvyl chloride was accomplished by the reaction of 
alpha, alpha-dichloromethyl methyl ether and pyruvic acid using the 
procedure of Ottenheum and Man (Synthesis, 1975, p. 163) . B. 
Uridine (3.0 g, 12 nmol) was dried by toluene azeotrope under 
vacuum (3x), and then dissolved in DMF (20 mL) and. . . mixture was 
stirred at room temperature under argon for 24 hours. Analysis by TLC 
(5% MeOH/CH.sub.2Cl.sub.2) showed the consumption of uridine. 
The reaction mixture was evaporated to dryness and partitioned between 
CH. sub.2Cl. sub. 2 and aqueous sodium bicarbonate. The organic layer was 
washed. . . water; dried over sodium sulfate; concentrated; and 
purified using flash chromatography (silica gel, 5% 
MeOH/CH.sub.2Cl.sub.2) to yield 1.4 g of uridine pyruvate, or 
2 1 , 3 1 , 5 1 -tri-0-pyruvyluridine . 

CLM What is claimed is: 

11. A method as in claim 1 wherein said pyrimidine nucleotide precursor 

is selected from the group consisting of uridine, cytidine, an 

acyl derivative of uridine, an acyl derivative of cytidine, 

orotic acid, an alcohol ester of orotic acid, or a pharmaceutically 

acceptable salt thereof. 

13. A method as in claim 11 wherein said pyrimidine nucleotide precursor 
is an acyl derivative of uridine. 



14. A method as in claim 11 wherein said acyl derivative of 
uridine is 2 1 , 3 1 , 5 1 -tri-O-acetyluridine . 



15. A method as in claim 11 wherein said acyl derivative of 
uridine is 2 1 , 3 ! , 5 1 -tri-O-pyruvyluridine . 

40. A method as in claim 36 wherein said developmental delay is 
autism. 
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